This study aims to evaluate the feasibility of the forward osmosis (FO) process for seawater desalination. The leakage of boron from the seawater into the draw solution was also studied.
INTRODUCTION
The current scenario of global water crisis demands innovative and novel technologies that not only provide elevated throughput and productivity, but also ensure optimum energy efficiency at the same time. Today, the most consistent and reliable technology to extract fresh water from seawater is the reverse osmosis (RO) process (Elimelech & Phillip ) . However, the energy consumed by this process, including the pressure exchangers at the brine stream is roughly 3-4 kWh m À3 of water produced (Mezher et al. ) . Furthermore, it also faces the issue of membrane fouling.
At the turn of the new century, scientists have shown keen interest in electro-deionization technologies, forward osmosis (FO) process and nanofiltration using carbon nanotubes, in order to address the challenges faced by the RO process (Shea ) . The FO process is a viable prospect for seawater desalination by extracting water molecules from the seawater into a draw solution. In addition to the applications of FO available in the literature (Cath et al. ) , it could be prudently employed for seawater desalination due to its low energy consumption and lower fouling propensity. Reports (Kessler & Moody ) suggest that a flat sheet FO membrane made from cellulose triacetate (CTA) could draw about 5 L of potable water from seawater using 1 kg of glucose-fructose draw solution. It was intended to commercialize seawater desalination to produce a stand-alone emergency water supply on lifeboats.
Recently, other draw solutions such as ammonium bicarbon- 
MATERIALS AND METHODS
Surface seawater with pH of about 8.1 and total dissolved solids of 32,500 ppm was used. It had a nominal silt density 
RESULTS AND DISCUSSION
Over 70 days of the experiment run, no cleaning of the membrane was required, since the FO water flux decline was negligible over the entire period of the experiment. The water flux was maintained at around 1.4 L m À2 h
À1
.
Effects of MF pretreatment
In theory, MF pretreatment should impact the membrane fouling tendency since it can remove fine particles larger 
Seawater fouling of FO membrane
As reported in the literature, RO membranes are highly vulnerable to biofouling. In addition, the compact cake layer so formed is difficult to remove unless chemical cleaning is initiated. However, in the case of FO membrane, the degree of cake formation would be less compact since no hydraulic energy is used to force the feed seawater across the membrane (Mi & Elimelech ) . The draw solution on the other side of the membrane 'sucks' water from the feed side across the FO membrane, thus imparting less After the completion of 70 days of continuous operation, the FO membrane surface was analysed using SEM with energy dispersive X-ray spectroscopy (EDX) to identify the However, for the FO membrane pretreated with MF, the extent of organic fouling was low, preventing further scaling on its surface. It is to be noted that although there were signs of scaling on the FO membrane surface for the FO membrane subjected to non-pretreated seawater, it was not significant enough to reduce the membrane water flux.
Figure 4(d) shows the photographic image of the FO membrane subjected to non-pretreated seawater. The extent of fouling on the membrane was not severe.
Boron rejection
Seawater contains boron with a concentration as high as 5 ppm. When seawater is desalinated by the membrane process, leakage of boron can be significant. For natural seawater of pH 8, boron rejection by the FO membrane is low, around 60-70%. Since boron in potable water (i.e., drinking water) is fatal to the human body, it is a serious challenge to prevent boron leakage into the permeate side.
In the RO process, raising pH in the second pass is one of the viable options to reduce boron leakage. Boron specific 
Salt rejection
The overall FO membrane rejection for chloride was constant at about 97% at the end of the experimental run ( Figure 6 ).
CONCLUSION
The FO process, in conjunction with a post-treatment process, could be potentially utilized for seawater desalination, provided that the issue of boron rejection could be tackled effectively. As far as fouling is concerned, 
